A modified penetrating keratoplasty procedure with a new lamellar configuration of the surgical wound was performed on 8 eyes with endothelial decompensation. This technique allows complete suture removal by 3 months postoperatively, substantially shortening the time necessary for visual rehabilitation. Refractive astigmatism before and after suture removal was minimized to 4 diopters or less in all of the eyes in our preliminary series. Because the anterior surface of the donor button is smaller than the posterior one (diameter, 7.0 mm and 9.0 mm, respectively), more endothelial cells can be transplanted while maintaining the anterior graft surface at a safe distance from the corneoscleral limbus. Finally, no expensive instrumentation is required for this procedure except for an artificial anterior chamber if whole globes are not available. The surgical technique and clinical results are presented in this article.
During the past decades, penetrating keratoplasty (PK) surgery has undergone continuous refinement. Various instruments have been developed to improve the quality of trephination in both donor and recipient corneas, and countless suturing techniques have been used to reduce tissue distortion and minimize postoperative refractive errors. [1] [2] [3] [4] [5] [6] [7] [8] [9] Nevertheless, to date, the basic concept of cutting a donor disc with a "perfect" margin to fit into a "perfect" hole has remained the same. This method produces a vertical, edge-toedge PK wound. Regardless of how perfectly the donor and recipient cornea fit, this type of wound requires relatively tight sutures to hold the edges together until the healing is sufficient to withstand the effect of the intraocular pressure; this usually takes at least 1 year.
Because of this approach, refraction is not stable, and astigmatism (often of the irregular type) cannot be adequately corrected in many patients as long as the sutures are present. [1] [2] [3] [4] [5] [6] [7] [8] [9] In addition, when the sutures are removed, substantial changes in refraction are frequently seen, possibly resulting in anisometropia and/or highdegree astigmatism. [10] [11] [12] [13] [14] Finally, wound dehiscence occurs after suture removal in up to 4% of cases, even if this is done more than 1 year after surgery. [15] [16] [17] [18] In recent years, different types of lamellarkeratoplasty(LK)procedureshavegained popularity among corneal surgeons in an attempt to transplant selected layers of the cornea, speeding wound healing while optimizing postoperative refraction. 19, 20 With these methodsahorizontal,surface-to-surfacesurgicalwoundresults,andtheintraocularpressure tends to make the layers adhere to each other rather than gape. Tight suturing is not necessary, and removal can safely be performed much earlier than after conventional PK surgery. However, the presence of a lamellar tissue interface may reduce the quality of vision after LK compared with that obtained following PK surgery.
To combine the optical superiority of PK with the wound-healing advantages of LK, the standard PK technique was modified by using a full-thickness donor graft in conjunction with a peripheral lamellar wound configuration (Figure 1) . The surgical technique and the results obtained in 8 eyes of 8 patients with endothelial decompensation are presented in this article.
METHODS
The use of a modified PK procedure in 8 consecutive patients with endothelial decompensation (aphakic bullous keratopathy, n = 1; pseudophakic bullous keratopathy, n=6; and Fuchs endothelial corneal dystrophy, n = 1) is reported. All procedures were performed by the same surgeon (M.B.) between September and November 2001, and the results were evaluated in a prospective study, described as follows.
Preoperatively, the medical history of each patient was recorded, and a complete eye examination was performed including visual acuity testing, slitlamp examination, retinoscopy, and B-scan ultrasonography when necessary (n=2). Details regarding preoperative data are given in Table 1 . Postoperatively, patients were seen twice a week until reepithelialization was completed, which occurred within 2 weeks of surgery in all cases. Uncorrected visual acuity was measured every week postoperatively. One month after surgery, patients underwent refraction, and uncorrected and best spectacle-corrected visual acuity were determined. In addition, keratometry and corneal topography analysis were obtained. Monthly examinations were performed thereafter. Sutures were removed 3 months after surgery in all cases. Each patient underwent a repeated complete eye examination 1 month after suture removal.
Surgical Technique
A detailed consent form was signed by all 8 patients undergoing surgery. All patients were sedated with 3 mL of intravenous droperidol immediately prior to anesthetic injection. Local anesthesia was administered with a peribulbar injection of a mixture of 2% lidocaine and 0.5% bupivacaine hydrochloride.
The donor button was mounted on anartificialanteriorchamber(Moria,Paris, France) after a viscoelastic substance was placed on the endothelium. The geometric center of the cornea was marked, and a7.0-mmBarronsuctiontrephinewasused to make a circular, 0.3-mm-deep incision (Figure 2A) . A lamellar stromal dissection was carried out with a bevel-up knife from the base of the incision all the way to the limbus ( Figure 2B ). Then the cornea was removed from the artificial anterior chamber and placed on the plate of a Barron suction punch with the endothelial side up, taking care to align the mark of the geometric center with the central hole of the punch. A 9.0-mm donor buttonwaspunchedout(Figure2C).Theprevious lamellar dissection allowed a superficial annular stromal lamella, 0.3 mm in thickness, to be removed in the area between 7.0 and 9.0 mm in diameter (Figure 2D) . The donor button obtained this way consisted of a central, full-thickness part, 7.0 mm in diameter, surrounded by a peripheral lamellar wing of deep stroma andendotheliumthatwas1.0mminwidth ( Figure 2E ). A McNeill-Goldman ring 21 was used to fixate the globe. The recipient bed was prepared to closely conform to the shape of the donor button. A 7.0-mm Barron suction trephine was used to cut a circular incision 0.3 mm in depth ( Figure 3A) . A lamellar stromal dissection was carried out with a bevel-up knife from the base of the incision about 1 mm peripherally ( Figure 3B ). The anterior chamber was then entered, and corneal scissors were used to complete the excision of the corneal button at the peripheral end of the posterior lamellar stromal dissection ( Figure 3C ). The donor button was positioned by sliding the peripheral wing under the 1.0-mm-wide superficial stromal lip of the recipient bed. Four 10-0 nylon cardinal sutures were put in place. Each suture exited the donor button at the base of the wing and was then passed through the superficial recipient lamellae at the end of the dissection. This way, the wing was left free to adhere to the posterior surface of the dissected recipient cornea, an effect of the intraocular pressure. Contrarytowhatistypicallyobservedwith conventional PK surgery, the injection of balanced salt solution into the anterior chamber showed that the surgical wound was already completely watertight (Figure 3D ). The procedure was completed with a single 10-0 nylon running suture, each bite of which was passed in a fashion similar to that previously described for the cardinal sutures. Finally, the cardinal sutures were removed ( Figure 3E ). Addi- tional procedures performed in combination with PK surgery in this series included anterior vitrectomy (n=4), anterior vitrectomy combined with the exchange of the intraocular lens implant (n=1), anterior vitrectomycombinedwithintraocularlens implantation (n=1), and pupilloplasty (n=1). After surgery the patients underwent pressure patching overnight. Beginning the next morning, 0.1% dexamethasone sodium phosphate and gentamicin sulfate antibiotic eyedrops were administered every 2 hours and tapered for 10 weeks.
RESULTS
Surgery was uneventful in all patients. All corneas gradually cleared with time, and reepithelialization was completed within 2 weeks of surgery. Data recorded preoperatively, 1 month after surgery, and 1 month after suture removal are summarized in Tables 1 to 3 . The 10-0 nylon running suture was removed 3 months after surgery in all patients ( Figure 4) . As early as 1 month after surgery ( (Figure 5) . Surprisingly, suture removal did not substantially affect refraction in any patient (Table 3) . Again, refractive astigmatism was 4 D or less in all cases. Notably, the preoperative spectacle cylinder in patient 4 was 4 D.
COMMENT
Despite the excellent prognosis of PK, visual rehabilitation of patients undergoing this procedure is slow and frequently hampered by highdegree astigmatism, often of the irregular type. [1] [2] [3] [4] [5] [6] [7] [8] [9] Factors including host-graft disparity, trephination technique, and suturing technique are believed to affect the regularity of graft curvature. In addition, even if all other variables could theoretically be optimized, recovery of vision can be delayed by corneal distortion secondary to the presence of sutures; some degree of tension-induced tissue rolling is necessary to obtain a watertight wound. Healing of these vertical, edge-to-edge corneal wounds requires a minimum of 6 months and typically 1 year in adults. In a relatively high number of patients, stable vision is not achieved until many months after PK surgery, often following suture removal. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] Lamellar keratoplasty has been proposed in different forms as an alternative surgical treatment for various corneal diseases. Compared with PK, LK offers the substantial advantage of creating a horizontal, surfaceto-surface type of surgical wound. Intraocular pressure helps the surfaces adhere to one another, so the sutures require minimal tension and may be removed 2 to 4 months after surgery. To date, however, most of these methodshavenotgainedpopularity,mainly because of the lower postoperative optical quality of the cornea. The use of the microkeratome to perform lamellar dissections in laser-assisted in situ keratomileusis has shown that LK can result in postoperative visual acuity of 20/20. We recently published the initial results of endokeratoplasty, a posteriorLKprocedureaimedattransplanting the posterior stroma and en- dothelium in decompensated corneas. 20 Although these results are promising, some concern remains for the sudden considerable decrease in intraocular pressure (from more than 60 mm Hg when using the microkeratome to 0 mm Hg after the anterior chamber is entered) during the procedure, as well as the relatively limited amount of transplanted endothelium (the donor button does not exceed 7.0 mm in diameter). In addition, the need for special instrumentation noticeably increases the cost of surgery, and not all surgeons have access to a microkeratome.
The surgical technique described in this article is designed to combine the advantages of PK and LK techniques. For this reason, 2 distinct components are assembled in the donor button, which is shaped like a "reversed mushroom." The central, full-thickness part, 7.0 mm in diameter, maintains the optical advantages of grafts used for conventional PK surgery while remaining confined within a safe distance from the corneoscleral limbus. The peripheral wing of deep stroma and endothelium, 1 mm in width, creates an annular area of lamellar healing around the full-thickness component. Because both the donor and recipient corneas undergo dissection by hand, the healing process is similar to that in clear-cornea cataract surgery except that the wound is extended for 360°instead of being limited to the area of the tunnel. In this procedure, sutures merely prevent the donor button from sliding out of position. They need not be as tight as when they seal the surgical wound because the intraocular pressure tends to push the healing surfaces together. Our series demonstrated that with this method, it is possible to have a full-thickness graft completely free of sutures as early as 3 months after surgery, thus significantly shortening the time necessary for visual rehabilitation.
The degree of astigmatism recorded both before and after suture removal was low in almost all patients; the only patient with a relatively high value (4 D) had a similar preoperative spectacle correction. Corneal topography ( Figure 5 ) confirmed this data and further supports the favorable comparison with conventional PK surgery.The nutand-bolt type of fitting obtained between the donor and recipient corneas with our PK modification, as well as the consequent relative laxity of the suturing technique used, may be the main reasons for this finding. However, this wound construction is only one of many possible techniques based on the nut-and- bolt principle. The diameters of both the full-thickness component and peripheral wing could be varied to achievedifferentpurposes.Theformer could be cut smaller to reduce the possibility of immunologic rejection through contact with peripheral corneal neovascularization, whereas the latter could be made larger to increase the amount of endothelial cells transplanted. Patients undergoing the proceduredescribedinthisarticlereceived more of the donor endothelium (surface diameter, 9.0 mm) than patients who receive the conventional PK technique usually do (surface diameter, 7.5-8.5mm).Incontrast,smallergrafts may be used in patients with keratoconus (as little as 5.5 mm for the anterior surface and 7.5 mm for the posterior surface) to leave the reservoir of endothelial cells in the recipient peripheral cornea as large as possible. Also, the dimensional relationship between the 2 components could be modified: a smaller central part with a larger wing could be fitted with even looser sutures or perhaps stabilized with the use of biologic glue, achieving a sutureless PK. Finally, discrepancies between trephination of the donor button and recipient bed may further improve the results compared with those obtained with the present technique. The diameter of the fullthickness part of the donor button, for example, could be slightly smaller than the trephination of the recipient bed; the surgical wound would still be watertight owing to the internal tamponade of the peripheral wing, and scar tissue would fill up the small space between the donor and recipient corneas, thus preventing graft distortion.
In conclusion, our preliminary data show that a lamellar wound construction based on the nut-and-bolt concept may optimize postkeratoplasty refractive error while substantially speeding up visual recovery. To fit specific indications, the amount of endothelium transplanted can be varied by changing the diameter of the posterior surface of the donor button. No expensive or particular instrumentation is needed if whole globes are available, and a relatively inexpensive artificial anterior chamber may be used with excised corneas. Although postoperative follow-up of these patients was relatively short, the data were obtained 1 month after suture removal; no substantial changes in refraction are usually seen after this point with conventional PK surgery. Despite the limited number of patients, the preliminary data suggest that this technique holds great promise. However, the initial positive results obtained in this series require confirmation in a much larger population with a follow-up period of several years. May 2, 2002 ; final revision received July 11, 2002 ; accepted August 6, 2002 
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